Introduction: There is some concern that over a period of years, diving may produce cumulative neurological injury even in divers who have no history of decompression sickness. We evaluated asymptomatic divers and controls for cerebral white-matter lesions using magnetic resonance imaging (MRI). Methods: The study enrolled 113 male military divers (34.4 6 5.6 yr) and 65 non-diving men (33.1 6 9.0 yr) in good health. Exclusion criteria included any condition that might be expected to produce neurological effects. Patent foramen ovale was not assessed. A questionnaire was used to elicit diving history. A 1.5-T MRI device was used to acquire T1, T2-weighted, and fl uid attenuated inversion recovery (FLAIR) images of the brain. A lesion was counted if it appeared hyperintense on both T2-weighted and FLAIR images. Results: MRI revealed brain lesions in 26 of 113 divers (23%) and in 7 of 65 (11%) controls, a difference that was statistically signifi cant. There was no signifi cant difference between the groups with respect to blood pressure, smoking history, or alcohol consumption, and no subject reported a history of head trauma or migraine. There was no relationship between MRI fi ndings and age, diving history, or lipid profi le in divers. Discussion: The higher incidence of lesions in the cerebral white matter of divers confi rms the possibility that cumulative, subclinical injury to the neurological system may affect the long-term health of military and recreational divers.
W ITH THE POPULARITY of recreational diving, the possible long-term health consequences of such activity have become an issue of increasing interest. Dysbaric osteonecrosis, hearing loss, and neurological defi cits due to decompression sickness (DCS) have long been recognized as potential sequellae. However, concerns have recently emerged concerning subclinical brain lesions in divers with no history of symptomatic DCS ( 13 ) .
Although the mechanism of DCS is not fully understood, it is generally accepted that evolved gas bubbles in the tissues and the circulation are the underlying mechanism. Bubbles may impair tissue functions by causing either biochemical or mechanical damage ( 12 ) . The central nervous system (CNS) appears to be a common place for the acute manifestations of DCS, a theory that is supported by histopathological studies ( 1 ) . Doppler ultrasonography shows that bubbles often occur after dives even in the absence of symptoms ( 4 ) , and it is suggested that such " silent " bubbles could produce subclinical brain lesions in divers with no history of DCS ( 13 ) .
Several studies have been performed to investigate the incidence of brain lesions in divers ( 2,3,5 -7,9 ) . The exact mechanism of subclinical brain lesions has not been clearly established; the pathogenesis appears to involve various factors, including age, head injury, alcohol consumption, migraine, smoking, hypertension, high blood cholesterol, infection, and patent foramen ovale. In this study we evaluated asymptomatic military divers and non-diving controls for cerebral white matter lesions by using magnetic resonance imaging (MRI).
METHODS
This study was part of a cross-sectional study on the long-term negative effects of diving on Turkish Navy divers ( 11 ) . The study protocol was approved by Gulhane Military Medical Academy Ethics Committee. Subjects gave their written informed consent for participation. The study included a total of 113 male military divers on active duty recruited from the Turkish Naval Forces Underwater and Salvage Command, Istanbul, Turkey. None of them had a history of DCS; a questionnaire was used to obtain their diving histories, including years of diving, maximum diving depth, frequent diving depth, and missed decompression. Controls were 65 agematched male non-divers who were referred to the MRI unit for various musculoskeletal disorders such as lumbar disc hernia.
A questionnaire was administered to all potential subjects (divers and controls) to obtain a medical history including past and current diseases, smoking habits, and alcohol intake. Physical examination and laboratory testing included blood pressure, complete blood count, erythrocyte sedimentation rate, serum cholesterol, tri-glyceride, low-density lipoprotein, high-density lipoprotein, aspartate transaminase, alanine transaminase, uric acid, glucose level, and urine analysis. Normal values for lipids were as follows: cholesterol 125 -240, high density lipoprotein (HDL) 45 -70, low density lipoprotein (LDL) 65 -160, and triglycerides 50 -150. No testing was done to detect patent foramen ovale.
Exclusion criteria for all subjects included cardiovascular disease, diabetes, hypertension, multiple sclerosis, or vascular brain disease. As navy divers are subject to strict periodic medical examination and have normal blood pressures and lipid levels, we excluded from the control group men with either hypertension or hyperlipidemia. The requirement that all subjects undergo MRI dictated exclusion of anyone with claustrophobia or a pacemaker.
MRI was done by using a 1.5-Tesla magnetic resonance scanner (Magnetom vision, Siemens, Erlangen, Germany) equipped with a head coil. T1-and T2-weighted images were acquired from all subjects. In addition, fl uid attenuated inversion recovery (FLAIR) images were also obtained to improve differentiation between widened perivascular (Virchow-Robin) spaces and true brain lesions. Images were reviewed by two radiologists blinded to the study groups. A lesion was counted if it was hyperintense on both T2-weighted and FLAIR images.
The data are expressed as percentages for categorical variables and as mean 6 SD for continuous variables. Divers and controls were compared by using Student t -test for continuous variables, and Fisher's exact test for categorical variables. Divers were grouped according to the presence of hyperintense brain lesions (HIBL) to analyze the relationship between HIBL and age, lipid profi les, and diving characteristics. All statistical analyses were carried out with the SPSS software package (version 10.0, SPSS, Chicago, IL). Statistical signifi cance was set at P , 0.05.
RESULTS
The ages of divers and controls were 34.4 6 5.6 yr (range: 23 -49 yr) and 33.1 6 9.0 yr (range: 20 -49 yr), respectively ( P . 0.05). MRI revealed HIBL in 26 divers (23%) and in 7 controls (11%) ( P 5 0.043). Mean triglyceride, HDL cholesterol, LDL cholesterol, and total cholesterol levels for the divers were: 107 6 58 mg z dl
respectively. Equivalent levels for the controls were 109 6 31 mg z dl 2 1 , 55 6 11 mg z dl 2 1 , 121 6 34 mg z dl 2 1 , and 173 6 35 mg z dl 2 1 , respectively. There was no signifi cant difference between divers and controls in terms of lipid levels ( P . 0.05).
Although all divers reported that they occasionally drank alcohol, none of them had a habit of regular alcohol intake. Five of the controls reported to have never drunk alcohol, while the remaining controls reported occasional alcohol intake. Smoking was reported by 21% of the divers and 41% of the controls, with no signifi cant difference in terms of pack-years. Neither divers nor controls reported a history of migraine or head injury. Blood pressure readings were 123/73 mmHg for divers and 126/69 mmHg for controls, with no statistical signifi cance. The diving histories provided the following values for mean 6 SD: years in occupation 12.2 6 6.0 (range: 1 -25); total hours of diving 857 6 464 (range: 100 -2100); maximum diving depth in meters 52.7 6 18.4 (range: 35 -109); and frequent diving depth 13.2 6 8.3 (range: 6 -51). Fig. 1 shows an example of MRI images from a diver who was found to have HIBL. Of such divers, four (15%) had triglyceride levels higher than 150 mg z dl 2 1 , two (7%) had LDL . 160 mg z dl 2 1 , and none had high total cholesterol. The equivalent values for divers without brain lesions were seven (8%) with triglyceride . 150 mg z dl 2 1 , four (5%) with LDL . 160 mg z dl 2 1 , and eight (9%) with . 240 mg z dl 2 1 total cholesterol. There was no signifi cant relationship between MRI fi ndings and age, diving characteristics, or lipid profi le in divers.
DISCUSSION
The hypothesis that HIBL are a consequence of diving has been debated for many years and there is disagreement among previous studies of this issue. In this study, we found a signifi cantly higher incidence of HIBL in divers compared to controls. Several previous studies report results that agree with ours. 
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in 19 of 43 asymptomatic divers (44%) compared to 6 of 52 controls (12%).
However, other studies reported opposite results. Rinck et al. ( 6 ) found a higher prevalence of HIBL in controls compared to divers (43% and 34%, respectively). Todnem et al. ( 9 ) reported signifi cantly higher HIBL in controls compared to divers (43% and 19%, respectively). Hutzelman et al. ( 3 ) found HIBL in 48% of controls compared to 37% with HIBL in divers.
Todnem et al. postulated that a positive correlation existed between age and the HIBL in divers ( 9 ). We did not fi nd a signifi cant relationship between age and MRI fi ndings in divers. Tetzlaff et al. ( 8 ) found HIBL in 60% of elderly compressed air divers without a DCS history and in 45% of non-diving controls. The difference between his results and ours may be attributable to age, mean 34 yr in our divers vs. 50 yr in Tetzlaff ' s study. Indeed, Todnem et al. found 33% with abnormalities in the MRI of their divers who had a mean age of 33.6 yr ( 9 ). This later is closer to our fi ndings. Our divers were from a special unit of the navy and as they experienced strict performance tests and meticulous physical examination before being admitted to the navy, this could be another explanation for the lower percentage of CNS lesions in our study.
Tripodi et al. showed that there is a correlation between blood cholesterol level and cerebral white-matter lesions in sport divers ( 10 ) . We also analyzed the data for such a relationship in the military divers. Contrary to our expectations, abnormal lipid values were found in 17 of the divers as follows: high triglyceride values in 11 (9%), high cholesterol in eight (7%), high LDL in six (5%), and low HDL in three (2%). We included these divers in the study to examine the possible relationship between cerebral white-matter lesions and abnormal lipid values, but no correlation was found.
We found no signifi cant relationship between HIBL and diving experience, total hours of diving, maximum diving depth, or frequent diving depth in divers. While we detected a signifi cantly elevated incidence of cerebral white-matter lesions in asymptomatic divers compared to controls, in the absence of detailed neurophysiological testing we do not know whether or not the lesions have clinical consequences. Further studies combining neurophysiological tests and MRI would allow a better understanding of the long-term effects of diving on the CNS.
